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^ (57) Abstract: A natural superlattice homologous single crystal thin film, characterized in that it comprises a composite oxide which 
2! is represented by the formula M , M 2 03(ZnO) m , wherein M 1 is at least one of Ga, Fe, Sc, In, Lu, Yb, Tm, Er, Ho and Y, M 2 is at least 
a one of Mn, Fe, Ga, In and Al, and m is a natural number of 1 or more, and has been grown epitaxially on an epitaxial thin film 
formed on a single crystal substrate, or on said single crystal substrate from which said epitaxial thin film has disappeared, or on a 
O ZnO single crystal; a method for preparing the natural superlattice thin film which comprises depositing the composite oxide, and 
^ diffusing the resultant laminated film by heating it. The natural superlattice homologous single crystal thin film is suitably used in 
O 811 optical device, an electronic device, an X-ray optical device and the like. 
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AiitffciLtit 1 9 6 9^, ffras&M&tsias, idzTtvmnmtem^ 
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2 v7<D-k%tmWfM (MSI) lr^]§:^lLfc^^^#Jt$rffiVNT, A 

/B1-«te«*ffci\ K:/p*»J:D IW^ltI 

7 o /v-£«C-cv>5 0 :^TU I^^tott 

fl^&^fclMHHIIJiW:* mm>*®W}&h7^i?x?- (HEMT) , iiffffi*3 
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^s&^mMM^ (MOnostable-BIstable transition Logic Element, MOBILE) Xh 
5 %o 

*s Mmm^mmm^s m&mw>Rm¥*tbLxm^t>tix*s>o > mz, *t> 
£<mmfc£ftx^z> m+^'U * s . hemt^ m^mm^m^mM 

i o &fc&m#*h&<Vit>tix^z. ^mmms&wzmmmm+s mmm® 

m%*ffimmmistix^tt:^(Dx\ m^^mm ltchemt(d^ e> tmm 
mmim?s mmm^mmm^im-r^^t^x^^\ 

1 5 5 0 

2 0 #5, 
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*^V$T%M\Z, 1 8 5 imzM. GroveM^ Lfc 0 X^yf^bfc, 9 — 
V^ftV\ MB Eft (£**fccl?*3rV-jfe, molecular beam epitaxy) B\ 19 

■a- kg a a s m(o^m^mw-^mz.fm^mmmm^^mxh^ 0 mb 

iS#%^bfc£V^t°?*i/^/v&M i &M*ftt>&ZXmxhZ> 0 

mb e &T*iDi 5 m 5 ^ £ ot«i zttnommn, ^m^mw-, s i * ^©55 
20 mmt(DMw±, f&&mft<DM&&& 1 o- 7 ~i o- s ? a &,Txh^, m&omm 
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5 ttn<Djpmz@.frtix^% 0 

T*/U7 7 XftMX\ n-H^fii^gf, Zn0*±1tm&J&fth LTSfrf 
5InGa0 3 (Zn0) o (mte&f&m %<D**v Xxfc&tttmmWm&lff&isit 

jo (*wwsn»i) 

£fflSP ftil Philosophical Magazine B. 81. 501-515(2001) 

(WWvfcttl) 
#W2000-44236^# 



J 5 3£W<£>i!^ 

InGaN/GaNOS^^ZnMgO/ZnO/ZnMgOSfe^^fi^ $ Iz-f*- 
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5 m^x% s mm7n^**mmikx^z>bw&ishz> a 
m & if wtmm & & ^f^m^x^^tm^^ 0 

1 9 6 7^, Kaspertt, ZnO-InaOs^fb^feOM^^XRD^J; 9 U 

0) B (m=2, 3, 4, 5&t>*7) ©#££#J&T^ Lfc (H. Kasper, . "Neuartige Phasen 
mit wurtzitahnlichen Strukturen im System Zn0-In203" , Z. Anorg. Allg. Chem. , 
349,113-23(1967).) 0 

15 WiJ ^T^Ttm) K\ft&1rZtfc&fa*tm\Z.U'<^ InaOs-FesOs-ZnOJfcfcttlnFeOsf 
ZnO) B (m: S ^ft) $Jl/5— o W#£-f-5 - £ £pj L 
(M. Nakamura, N. Kimizuka, and T. Mohri, "The Phase Relations in the ImOs 
-Fe 2 Zn04-ZnO System at 1350°C" , J. Solid State Chem. , 86, 16-40(1990). ) 
*^E- V tfxffi (Homologous Series : fflMitVU&m) t Mx.ff, n & g 

^i-S-l¥©^W^^a o M. Isobefeft, LuFe03(Zn0) m ©^ H B H #it^ 
f^^Lfc (M. Isobe, N. Kimizuka, M. Nakamura, and T. Mohri, "Structures of 
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1 LuFe03(Zn0)o (m = l, 4, 5 and 6)" ,Acta Cryst. C50, 332-336 (1994) . ) „ 

LuFe03(ZnO) n O^«5tf^ LuOi.s® i:FeOi. 5 (ZnO) m ^^c|ft^fR]^^i: 

\mm^tz&m®&*xh*) , m&$&<DWi&K&mm&Mi%x\ mmvm&K 

Ittjj&ZkXhZ k^LfZo i-t£t>1bs m<Di$.n^ Fe0i.5(Zn0)mtf)JI^Jl£>|£ 
5 Vh^Os LuFe03(ZnO) B <D^«3t«mJg^SOFeOi. 5 (ZnO)mi, — Jl^Ji £>LuOi. s 

MctSl<0%.'b (C. Li, Y.Bando.M. Nakamura.M. Onoda, and N. Kimizuka, "Modulated 
Structures of Homologous Compounds in M03(Zn0)m (M=In, Ga;m = integer) 
Described by Four-Dimensional Superspace Group" , J. Solid State Chem. 139, 
10 347-355(1998). )\Z. <fc 5 £ N InGaOs (ZnO)o*C:fcV^ m> 7 (D^^fiGaJg^-^ 
ZnO^T^lUIB^iJ VtcMmz ft 3 , 

zo-mofc&yomni 9 5 o^^^m^mytunt LT^b^szno^g^ 

mfc^XhZ t^irm^X^ 3 0 ®Ks m>7©i^ft, M'-f^VftZnOg 
15 £&LT^5^^*^-e#5 0 

ittK^IJfJ Lftmm±Kmm^Xm^ flX^tc (H. Hiramatsu, W-S. Seo, and 
K. Koumoto, "Electrical and Optical Properties of Radio-Frequency-Sputter 
ed Thin Films of (ZnOsImOs" , Chem. Mater. 10, 3033-3039 (1998) . ) 0 

mfe*mmx%t£\,\ mfomvttmti^mx&ztK mm^mm^n,Kxh^ 
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*©»gSrrtHtt^^KT «lo 14 cm- 3 ) tefiSH-S 

P # *ftlMPOs (ZnO) .ftflgft J: tKZnO^Utt, l^ft L T3 0! fc 5 , 
JO a^it^GaAs^if^b-a-^^SrffiV^fcFETfi, #< Officii- 
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¥HMA4ffHiM, 2000.3, 29 P -yl-16) „ L^U ZnOte, «ftfiWSr/hS<-t- 

2 0 jSMWto (Zn0) o (fcfc L> M 1 fi > Ga, Fe, Sc, In, Lu, Yb, Tm, Er, HoRTfYtD 5 < 
ki>mm, M 2 n s Mn, Fe, Ga, In, kl(D o ^b'pf$. < 1 1> 1 MM t L > mfi, 1 
tf 1 ^±<£ £ T?£ & fc 5 r t Sr#» £ -T 5 g 

(ZnO)m (fcfcU M 1 ^, Ga,Fe,Sc, In, Lu, Yb, Tm, Er, HoROT© 5 < £tl 

M 2 te N Mn, Fe, Ga, In, Al©5 W< H lilt U mtt, 1 1 

uxximmwkxhz. 

2 0 tfc, *38WW: N ZnO^^i^^t'^dr^^/^^Lfc^MVOsCZnO),,, {tz.fi 
U MWi, Ga, Fe, Sc, In, Lu, Yb, Tm, Er, Ho&OTO 5 *>4>fc < 1 t> 1S& M 2 «, 
Mn,Fe,Ga,In,AlG>5*>^ft< t> U mte N 1 Sr^tf 1 Rk© g 
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x*m £ ti % m.&mtm> h * 5 r. t *®W(. 1 1-5 g ^^^^ n # * a* 

mXO. 5 /*mK±^fc*^i*W«fci-«±fBO**o^^L||ft|i||-T?jb5 0 
/W&ftLfc5OW03(Zn0)n (fcfcU M x fi> Ga, Fe, Sc, In, Lu, Yb, Tm, Er, Ho&OT 
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1 *mWn. ^M l M 2 03(ZnO) n ^InM03(ZnO)m(M=In,Fe,Ga,Xmi,m=l^± 

*»5lO*tn^ WM 2 03(ZnO).^^»m^ ZnO^&lcfcteZnO^ 

«>-c«:Jiffasffv^T? % v^*©®^ ^lt«i©7 7^(f 
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(ZnO) B 0f=In,Fe,Ga,Xf±Al,m= l£X±5 O&ffiCO&mWBtt, InOl. 5gtfSJDiC 
£3„ InM03(ZnO).©mOfl[f41£A±5 0?fc»Ojft|S:^*LV\ JOKattfcWu m 

2. Zn0&£fc3$f$cE£#i: LT^+£#*n#;Mt£toInMfo(ZnO).(M=In, 
Fe, Ga, 3U4A1, nF 1 JBJLh 5 0*»©Sft) K^-f y 3. 3eV 

£0 SftiU 0 0nmei±©TO3fc»^L"CSM"C*>5. Ufc^oT, 

**a^f^-fb^^^InM03(Zn0). (M=In, Fe, Ga, XtiAl, m= 1 ^±5 0ifc?i<D 
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i mm.mm%i£Wimt ut^5iit±5, ^^mm^am<. ^nyt^xz 

M0 3 (ZnO).(M=In, Fe, Ga, XI4A1, m= 1 J^± 5 0 *^©Sfc) ¥^H B 0^Hftft^fi^ 
* a # * fb-^WItiilnMOs (ZnO) n (M=In, Fe, Ga, XfiAl, m= 1 J^i: 5 0 0>8E 

US 1 B«\ gffitt 1 -CftBfi Lfc*^r a ^f^^*#R©il$*ttSrOut-of-plane 

0OK(i!)7t^Us'ty7^ h^S:^t^5 7-e*5, f^HUS, 
P^©-»i©MI SFET3f5^©«3&«r^i-«S:0-e*)«„ 06 0tt, HJS 
00 3 -CfEK Ufc¥MlnGaOi (ZnO) s *K© X R DM©^^f^7 7t?*> 6„ 
& 7 mtt, 3 TfEK Lfc^ H B B InGa03(Zn0)5»^*®«it^i-HlS^ 

20 AFMH?It'&5 0 I8 0tt, 3 T'M LfcM I S F E Ti^ ®Sa 
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if-^ifi* (PLDft) ftiffciU, il^aM^^-t-^ZnO^^M^^fc^^ 

5 KZn0»JR*fct4Zn0mifeiR±JJ:, M 1 M 2 0 3 (ZnO)„t|5^$^5^4r, M 

be£, PHR** (pld^) 5**13**. 

— nfi, l£#frl^±^g«T\ M 1 ^ Ga x Fe, Sc. In, Lu, Yb N 
Tnu Er N HoM©9W<niSl, M 2 te. Mn, Fe. Ga % In, AlO 5 V> 
it iaS"C*>5. Fe, Ga N Inte N ^fl^fl, M l %XFUPmijb h 
1 0 Siim, *^n^^Fe203(ZnO)n, Gaa0j(Zn0),K IraOs (ZnO) „ £ 

J 5 ff* U< f±*«#H«i«. ffl/ifites o o°cm±, l 6 o OV&T. 
i!»&*L<lil 20 0m, 1 5 00OTm 8 0 0lC*iT«Sfci 
^i§<> ^-4M 1 M 2 03(ZnO) n ^#^^v\ 1 6 0 0°C*mz.5 iZnO$# 

O^^x-fett/fe < •? , ^— mfife05M 1 M 2 O3(ZnO) m ^#b^)fcV\ 

a5f^fiffil^#6>tl/4V^SS)5 0 ZnOfife^O^SrRCfcfcjcfi, ±^fcZnO 
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1 5%S^©Zn(^^*3B^*-er51:OZn0ft:^SrJn^.-C*3<o SEZnOft^fttt, » 
5 ZnO$# GDl<3g £ B& <* * x WtL&s YSZ^AlaOstf) 

r^T\ mfin£&fcSl&£tpl&±©S&Sr(N ZnOlifftMVOsCZnOnfli 

i 5 
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i mi) 



tt (LuGa03(ZnO)i flllP/ZnO Slip) 


Iris Tas LuGa03(ZnO)m(D m m 
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tt CLuGa03(ZnO)7@H/ZnOIS)f) 


ft LuGa03(ZnO)mCD m 1 


9.5 


8 


4.8 


9 


3.2 


10 


■ 2.4 


11 


1.9 


12 


1.6 


13 


1.4 
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S^*fififeJ:«J, Zn0fifc#aS4>ftVM«#f4 s #&ftfc¥ifeii&*lSltt, mim- 1(7) 
2 0 ItfcAS^^fe < % ZnO0»»&* M l M 2 0 3 (ZnO)nli^*ffi^[§]^oT, Zn-T^" 

v^jt^ga^fe^^s^b. ^i>w£ Kff^isjts rnoii^ 
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M 2 0i.s • ZnOJiiMMh-BJiTftt^ IWIilW^ 
■f*a$Tf#«OT?, M 2 0i.s • ZnOJlte^qtl-sm^K:, *^vf;*aMWS4&3, 

^flsV-lf-^if^x^-r^^^ MOBILE, HEMT, FETftif© 
M 2 0i.s • ZnOSOff^fi, 0. 5nm£U:T*&tltf 0. 2 7 nmfttcMff'Ct 5©^ 

-Z ^ V>YSZi&S, ftt>0*LV\, £;h/ fe aMa*RmsB\ 1. Onm 
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•f-mmm (pirn) shu:^ m+wmm&ttzznomii&mm&^vfi*^ 

*/Wfcg&i*:5 0 &Zn08SS±fc, InM03(Zn0) ra (M=In,Fe,Ga,Al,m=l JiLt 

Zn0«^H^jl5VN©T% *^^CZnO|i^£;!jn£&v^ N ^feScM*^ 

*t**##&*l,fcV\, ^<£fc&, «H»ft«IC#L5«GBf%a±©Zn0tSJ6«E« 
MLT*J<, S«1-«RZnOW4&**>5VNtt«5i|t«:"Xf$,5- ktf&tLV\\ 



WO 03/040441 PCT/JP02/11404 

19 

1 InMOs (ZnO) * (M=In, Fe, Ga, XtdJiL, m= 1 £t± 5 0 &WHD&8k) t ZnORflSffiEfclfc; 

ffe-KJfcU ^Irii^O^IS^-rti^s ^-m^InMOa (ZnO) (M=In,Fe,Ga, Xfc 
Al, ra' = 1 £JLh 5 05fci»©ffiR) fcfcS. m' H\ InMOs(ZnO). (M=In, Fe, Ga, Xtt 
Al, m= 1 £t_k 5 0*tiOSi:) fcZnORffit^b** ZnOjRffa* 5 nm*^T\ 

5 InM03(ZnO)m(M=In,Fe,Ga,X(*Al,m=l^±5 0*»©liSc)JKJ9*U 0 Onm&SS 

S§l3teiaSH:8 0 0°C£Ui, 1 6 00°C£TF> i!)0tt<ttl2OOm> 
1 5 0 0OTT*fe5„ 8 0 0 < C**T»tttefW*3!< > *&-E^OInM03(ZnO)» 
(M=In, Fe,Ga, XttAl, m=l £JLh5 05fc?i©^ic) ##fc*bfcV\, Sfc* 1 6 00^ 
■Z ^ ^jgx5tZnO©^^^^tU^< ^9^— a^©InM03(ZnO) B (M=In,Fe,Ga,X 

ttAl, m= 1 5 05feffi<z>SHR)##&ftfcv\, 

#6>*Lfc^HA*JRt±x MOa (ZnO) mil $rln0i.sj| "CfcA/fc g ^ffiftT-fllJt £: *fc 

jr«> ^^*»ftfifejc3£< x sa-cf*, io s q • cmu±<DW,^mm&*^u / 
t bt^tt5**n 2 ±k^- h lastim 3 b mm 
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* 4ffi©&MJR4r7gfifci-5o MHHR3 tefi, AhOsas*t>aLTV^„ 
hm@4ffi^JiIIft, Au, Ag, Al, XttCiHS&JUV^r. fcaST?#5 0 

^ h7^^©M(t h^yy-hMMIS®#^Mh7^^^ (MIS-FET) 

^ o l. znommoftm 

YS Z (llD^ifefiSS (lOmmDXO. 5mrat) g&MS 8 0 0 "CTZnOiiSf 

~tf»T** ZnOji^^— MCKrF (248nm) ^^v'n' if — LTZnO£ 
8 0 cmcMLfcYS Z (lll)¥il$SK4E±^*fll»ii*2nm/min©* 
2 5 #T» 1 «FW*Ht^ftSrff ofc. X«Kit*a^fe*«)fcZn{«|g|©ff 1 2 0 

Z (Hl)StE±|CZn0fi(0001)iB|RlLTfc5, W^h^flO. 02-0. 
Tfcofc 0 In-planeSiJ^^J; 5 xt'^^v't;^ft$ ) 5 £ £: Sr&SLfco 
^f^HMftfiZnOC 11-20) // YSZ(l-10)T^feofc, 
20 2. LuGa03(Zn0)9/Zn0a^^)H©^ 

ffcKLfcYS Z (lll)±©Zn0*j|JS&ffl££ LT, 0 0<CT*LuGa0 3 ( 
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J fT\ LuGa0 3 (ZnO) 9 ii^^-^5/ f(IKr F (248nra) 1^— if- 

^jMLTLuGaO^ZnGOg^iS^ 6 0 0 °C»fi Lfc Y S Z (111) ^irS 
te±i-*l«ii^2nra/minO^-t?3 0 #^§|j$:R£fTo/to XHSttWJ^ 
LuGa03(Zn0)9^(Z))^i?ft6 OnmX*foZ> - ktfftfr^f'o f£$8 LfcLuGaOs (ZnO)g 

3 . LuGaOs (ZnO) nW*fc£hWWk<Dftm 

±|B 2 T*f£$! tfcLuGa0 3 (ZnO) 9 /ZnO/YSZ|Sl^Jli±^, Y S Z (lOmmX 
10mmX0.5mmt) &J»Jif|flR£flcfc 5 <fc 5 ££>v^ ^JE© 

l 0 mWn0<DMm%nMi-51tib, #/^-LfcYS Z£^±^Zn0i^* (¥*&*£Hi/* 
m) ^2g^=t-x^^^bfc 0 ^tL^T/l-5:^#5o^ (SSA-S) tAtlt, 
£LT, *:^<K 1 4 5 0tt3 0»»MlLfc o 

4. LuGa03(ZnO)i7¥^^^^^tt 

i 5 ftULfrW&&mWi<DmMZnftmifeXm®VT (HRXRD, RigakulgATX-G, CuKa 
1) ^fflV>Tp-<fc 0 ^ 1 IS ^ Out-of-plane XRD/^^y^/ft. LuGa0s( 
Zn0)i7^(0001)ffiO3SV^|HJfft o -^^YS Z (111) t°-^ t t h K»J £tltz 0 
LuGaO 3 (ZnO)i7(0001)^Y S Z (111) ± f r3£<Ifi|B)LTV^ ^ t &r^U P 
^^-7 f M^bLuGa0 3 (Zn0)i7(000l)ffiW^ h^&0. lg"efcofc. In-pla 

^ 0 neM^b^bfcLuGa03(ZnO)l7^liif^t'^^v'^/^^L-CV^5r. fc^Kfe 

LuGa0s(Zn0)n (0001) // YSZ (111) 
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LuGa03(ZnO)i7 (11-20) // YSZ (1-10) 

5. @»©ff« 

fEK LfcLuGaOs (ZnO) u^lll© X R D Wfefr bLuOi. sjf -LuOi. sjf ffl^gtt 

o fc„ f&g LfcLuGaOa (ZnO) iTf£lti$S¥lti&*?*> 0»-ot^5, 

6. LuGaOs(ZnO)iT^*»IR©5t!»lRXt«83fc»tt 
^bfcLuGa0 3 (ZnO) 1 7^^M^^7>r^^^^ h (^>f^^«, 4. 2K) ^ 

0K#£X*3 0 OK\Z&tf%ytm$LX'<? hJV&Tjk-f. jfcMth LT % ZnO^t"^ 

Nd:YAG£>3f£$t (j&«355nm) «raHSEfcfl&|*1-« Z. t -eajBSrffofc. 

* (CCD) £/j^TlttB Lfc 0 04®^ 1 OK*3«tTJ«3 0 0K©7t J^S** 

#ILT, InaOs»KSr^$*fc. PLDiti^ ^i)±^3 X 1 0- 3 Pa|C|?f 
LtcMQ^^y^—tpX-s InzOMffifc?-?? M-Kr F(248nm)^^f^W 
lf~&Jl&ttLTLuGaO»(ZnO)9&&3S£it\ 600 o C^Pff& bfc Y S Z 
g«±fci§8fi£& 2 nm/min©£#T* 3 0#fcI*jfeg4:fTofc 0 ZnOfcgUiteliutOs 
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1 tt^-rnoifcf^^/VJ^LTfctU 3it 9 ?*ci>'V/l'M&teik<DM } 0-eb<oft o 
ImOi (111) // ZnO (0001) // YSZ (111) 

♦ 

IruOs (110) // ZnO (11-20) // YSZ (1-10) 

ftMLit-mm*mMMimm.<D^fefcx. v % 1 3 0 o°c, 2 omin, jzglw 

ffc&fll 1 

LuGa03(Zn0) 5 £*-^y LT/BV\ Ii^RT"(? N YSZ (llD^Jg 

M>mm±imm*m%i5i£ti 0 xm&Mmmfefrb*$>tmm(Dm&te2 0 onm 

:§£ftX$|##f ± 5 J^##f fcfj o £ £ 3 , Lu/GaJg^ttfilT*fco^^ % Zn/L 

LXftmLfcT*/l'7TXWm*mMmi%&®<DT~--/l' (145010, 30min, 
&fTV^*<ffc£*fc. HRXRD&lJ^frofcir^ LuGaOs (ZnO) 
J 5 ^LtV^^iTO^ofc 0 ^LuGa0 3 (Zn0)3(0001)lE]ilft:°-^ s YS Z ( 
111) mjff t°- * i £ 1> fcftjRI $ ftfc LuGaOs (ZnO) 3 (0001) //Y S Z (111) ^@B|r1 

In-planeM^&fTofci £5 N ffirt^EftttftSJSftfc^ofco Lfc^ot, f£ 
St Lfc^fllficttiafRjLuGaOa (ZnO) sATCfc •? s ¥*Sift"T?W:fcV\ > 

LuGa0s(Zn0)9^^-^y hTO^ LTJBl\ I«I 5 0 0-9 0 0°CT\ P 
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H^OlU^t"-^ i^-?ftZnGa 2 04#£)$ LT L£ 0 ^ £ tf^ t frofc 

HMJ3 

1. ^^InGa03(ZnO) 6 ^Of^il 

ys z an)&&M,mm±KPLDmz£vmfy2nm(DZnoMmzmmum7 o 

0°C-e^t o ^dr^-t/^ft$^fc o S«££^-£T*#£PU ^ZnO^bf 

?*i/-rJ\sMWk±fc P LD^Hi 5, J¥^l 5 0nm<D#;^£ B 1JnGa0^(zn0)5^J!l£ 
:lt3i$•£fc o r 5 LxftMLtc-mm**%tpKmmu m^fp*m^x s ± 

ft*. 1 4 0 0°C, 3 OminMfe^SLfc^, £&%X%iMVtz 0 
0 3 (ZnO) 5 T*fet9, f 7i(^fJ:5^ A F Milfoil jjl, ^IHSSfiJI 

xh^tc 0 w&&inG a o 3 (znQ)snm(Dmmm*mmffi :: pmz.£ <9M£lj; 5 ^ 

JR©lftiWt^i«V^«)|j:a£-e#ft^ofe 0 f^MUfc^^InGa0 3 ( 
ZnO)5»R»4|fi»fls:T?*>5i-t^5 0 ISflS LfcftKJR*^ h/l^£>InGa 
03(Zn0)BO^^K^^y^«:j(S3. 3 eV£ JMJffc fettfc. 

2. MI SPET*^0#» 
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3. MI S FET|f^O#t£?Mffi 

h®BEVG=OVH$K:telDS=l O- 8 A(VDS=2.0 V)t?fcl9 N V»|?^5y — D'-OFF 
#tt^#feftfc 0 Vg=1 0VB#£f^ Ids=1. 6X1 O^ACDmUWtlt^o 

io tiiK mM<Dmk\±m&t>tift fritz, pfu^xtDymumuom^nm^htb 

: HEMT, b 7 * : FET) , XHft^yVW* (#CX^ 

2 0 
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it # <d m m 

M 1 ^ Ga,Fe,Sc,In,Lu,Yb,Tro,Er,Ho&OTD5^ft< £ fcHWE, M 2 ft, Mn, 
Fe f Ga,In,A10 5t>^*< 4:t>l«BliU mte N i «r£tf 1 ELk© g &«) T»* 
$ ft*%6HNk4b*> 6> ft 5 £ t ~t 5 g » ^»*»«. 

■r/^ftLfc^S^^MVOaCZnO)™ (TtfcU M 1 fi % Ga, Fe, Sc, In, Lu, Yb, Tm, Er, 
Ho3tt*Y<Z).5t>^ft< itlSSs M 2 fi, Mn,Fe,Ga, In, Al© 5 "fc^ft < t> ltt 

3. Zn0^A±^act: o ^^v'-t/^ftLfc^:M 1 M 2 03(Zn0) 1 , (fcfcU M 1 ^ Ga, 
Fe, Sc, In, Lu, Yb, Tm, Er, HoRXFKD ?h'Pt£< kh lUM, M 2 tt, Mn, Fe, Ga, In, Al 

©fSffll! l JSft v^ Ltt#<z>f£ffl£ 3 mw?fofr\^$,<D7fr* P # ;* J^AfclRo 
ft v> Lfg 4 JKov^ixa^Bft©** p *)|M$A&lfc 

6 . Jft^- U^KO*S5pffltt U KSfl&Mflfca** 0. 5/imXO. 5 ju m 
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7 . Zn03£g££ * fc fiZnOoi fcf * dr V ^ /l/»jg|± fccc * * t fc^MV 

0 3 (ZnO) n (fcfcU M 1 ^ Ga, Fe, Sc, In,Lu, Yb, Tm, Er, HoRm<D 5 < t fcl 

9& M 2 « s Mn,Fe,Ga,In,Al<£>5 ^4>ft< th iWMb U n f± % 1 1 

£. i &#»£-t-5!it3fc©«&fflS& l «fcv> LIS 3 3JCov^*»fcC«©* 

o^t t -tzm^o^mm 7 tt bis 8 3®fB«©#* n j£*&ft*jR 

^fflv^fv^^, xM^f^^> Ifcdi^f^'f^c 

1 1 . ^M 1 M 2 0 3 (ZnO) B ^InM03(ZnO)m(M=In, Fe, Ga, Xitkl, m= 1 5 0 5fcWi<DM 

so -e* § #©*£ffl# i 6 vvffta»miB«©#* p # 
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